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Figure 4.1.1

(a) Since the anode of Dj is connected to +5V
through the 1-kQ resistor, and the cathode is con-
nected to ground, D conducts and, being ideal,

has a zero voltage drop, thus

V=0V
5-0

I =>—— =5mA
1kQ

(b) Here the situation is similar to that in (a)
except that the cathode is connected to —5V.
Thus, diode D, conducts and, being ideal, exhibits
zero voltage drop, thus

V)y=-5V
5—(-5
]2:7( )=10mA
1kQ

(c) Diodes D3 and D4 are connected in series in
the same direction with the cathode of D4 con-
nected to —10V and the anode of D3 to ground
through the 1-kQ resistance. Thus, D3 and D4 will
conduct and, being ideal, will have zero voltage
drops, resulting in

V3=—10V
0—(~10)

h=o P jomaA

3T Tk 0m

(d) Diodes D5 and Dg are connected in series
in the same direction and since the anode of Ds
is connected to +5V and the cathode of Dg to
ground, the diodes will conduct and exhibit zero
voltage drops, resulting in

Va=+45V

5
L=—— =5mA
Tk 0™

(e) Here diode D7 is polarized to conduct while
the series diode Dg is not (its anode is at —5 V and
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its cathode is connected through the 1-kQ resistor
and D7 to +5V). Thus

Is=0

However, since D7 is polarized to conduct, it will
conduct a minute current that flows through the
meter connected to measure V5. The conducting
D7 will exhibit a zero voltage drop and thus

Vs=4+5—0=+5V

(f) Here Dy is polarized to not conduct, thus

lg=0

Diode D1, however, is connected to conduct and
it will conduct a very small current that flows
through the meter connected to measure Vg. The
resulting voltage across Do will be zero and the
voltage across the 1-kQ resistor will be negligibly
small, thus

Our analysis proceeded as follows: Diode Dq,
with its anode connected to ground and its cath-
ode connected to —8 V through R, must conduct.
Thus, its cathode will be at 0 V, which enables us
to determine the current through R as

,_0-(8) 8 _
1

Next, we assume that D, will be conducting
because its cathode is at 0 V and its anode is con-
nected to +8V through R,. Thus, the current in
Ry can now be found as

8—-0
[R2=T=4mA

Now, since /g (8 mA) is greater than /gy (4 mA),
then Dy and Dj both conduct. Now, noting that
succeeding resistances are progressively larger,
assume that D3 and Dy4 also conduct, and then
their anode and cathode voltages will all be zero
volts. Thus

Ve=—5V
0—(-98)
Igs = =2mA
4

4.2 S o and

The circuit with all currents and voltages indicated Jor— 8—0 1 mA
is shown in Fig. 4.2.2 (refer Figure below). R4 = -

+8V +8V

Vo=0V

Figure 4.2.2
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Thus, overall:

Ipg =1Ipg = 1 mA

Ip3=Ip3—Ips=2—1=1mA
Ipp=1Ipp —Ip3=4—1=3mA
1Dl :1R1 —102=8—3=5mA

and
Vo=0V
4.3
Rg=10Q0 D R.=500Q
—
ip
vs __I_ VB
Figure 4.3.1
us
(V) ‘\
16.97 fenn--
12 --l -------- '
0o4—+—X : / > (o)
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0—— } : > (o)
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Figure 4.3.2

For a battery voltage Vp and an ideal diode, the
diode current is

_us— VB
h Rg+Rc

iDp
_175 sinwt — Vg
T 10450

where
Vi=+v/2x12=1697V

Thus, for Vg =12V,

) 16.97 sin wt — 12
ip=——"7"—"
b 60 Q

which has a peak value of

=012 o) gmaA
60
The diode begins to conduct (and ceases to con-
duct) when 16.97 sin ot = 12V or sin wt =
12/16.97 = 0.707, which correspond to an angle
0= % = 45°. The average value of ip can be
computed as

3n/4
1
ip| =— / (16.97 sin@ — 12) d9 /60
av 2w
/4
1 3 /4
= 27 % 60 [—16.97 cos 6 — 120]ﬂ/4
=13.7mA
For Vg =14V,
16.97 — 14
Peak current = ——— =49.5 mA
60 Q

Conduction begins when 16.97 sin wt = 14, or
sin wt = % =0.825, or wt = 55.6°. Thus,

Average current

{ 180°—55.6°
=5 / (16.97 sin @ — 14) d6 /60
55.6°
= —16. — 14011248
Y [—16.97 cos @ 01556

=63 mA

4.4
O—
g

Figure 4.4.1

Vo=3Vp
To obtain Vp = 2.4V, we need to establish

Vp=08V
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This is achieved when [ is

1:ISeVD/VT
— 10_1660'8/0'025

~7.9mA

If Ry, is connected and it draws a current of 1 mA,
the current in the diodes will be reduced by 1 mA,
to 6.9 mA, thus V'p becomes

Vp = Vrin(6.9 x 1073/10716)
=0.797V

and V' becomes
Vo=3x0797=239V

Thus, Vo decreases by only 10 mV. Without Ry,
connected, since the diodes are fed with a constant
current /, a change in temperature causes the volt-
age across each diode to change by —2 mV/°C.
Thus, a temperature increase of 20°C causes Vp
to decrease by 2 x 20 =40 mV and causes V' to
decrease by 120 mV.

4.5
+5V

S 10 kQ)
>
Ipy D,

-
VoIl 4o,

Ip1 D,
—_—
+sVo—P——o——oVo

I;y D,

(b)

Figure 4.5.1

(a) For the circuit in Fig. 4.5.1(a), diode D will be
cut off while Dy will conduct, causing the output
voltage to become

Vo=0+4+Vpy =07V

Thus, Dy has a 4.3-V reverse bias, which keeps it
cut off. Thus,
Ip1=0

and

—-0.7
10

=0.43 mA

Ipp =

(b) For the circuit in Fig. 4.5.1(b), diode D, will
be cut off while Dy will conduct, causing Vp to
become

Vo=5—Vp =5-07=43V

Thus, D, will have a reverse-bias voltage of 4.3 'V,
which keeps it in the cut-off mode,

Ipy=0
The current in Dy can be found as

Vo 43
Ip = =22 _043mA
DI=T0kQ ~ 10 m

4.6
+23V

Yo

23V

Figure 4.6.1

When wvp reaches +3V, Dy conducts and vp
remains at the +3-V level irrespective of the value
of v7. Thus, the upper limiting level is +3 V. vp
reaches 43V when vy is +6V (because of the
voltage divider comprised of the two 10-k€Q resis-
tors), thus the upper input threshold voltage is
+6V.

EPE 2165—Analog Electronics  Solution # 1—Diode circuits

Page 4 of 9



UNIVERSITY OF RWANDA

A similar situation occurs in the negative direc-
tion: When vy reaches —3V, D, conducts and
vo remains at the —3-V level irrespective of the
value of v;. Thus, the lower limiting level is —3 V.
vo reaches —3 V when vy reaches —6 'V, thus the
lower input threshold is —6 V.

In between the two threshold levels (i.e., for
—6V < vy £46V), both D| and D, will be off

and
10 05
O o410 =07
Thus, the limiter gain X is
K=05V/V

Figure 4.6.2 shows the transfer characteristic of
the limiter.

7o (V)
Slope = 0.5
+3V ;
\%
-6V 0 +6V u )
-3V

Figure 4.6.2

For v; =412V, yp will be +3V, thus

123 o
ij=——=09m
= T0kQ

4.7

Figure 4.7.1

Ta1

T2

Q| = + O
3
W
I & +0

|||—<

Figure 4.7.2

The dc currents in Dy and D, are
Ip1 =Ix
Ipy=I1—1Ip1 =1—-1Ix

Thus, the small-signal resistances of D1 and D;
are

Vr
”d1=T
X

Vr

T2 =7
X

The small-signal equivalent circuit is shown in
Fig. 4.7.2 from which we can find v, /v; as

o d2

v ratral

_rr/U-1)
Iz 4
Rt T

Thus,

Yo Iy

v 1
For /=1mA,
Yo
v
where /Iy is in mA.
To obtain the given values of v, /v;, we need
the corresponding values of Iy as follows:

uw/v | 0]02]05]1.0
LmA)|o]o2]05]10

This circuit is a signal attenuator whose transfer
ratio is linearly controlled by the current /.

4.8
Figure 4.8.1 shows the circuit.

Vo=4Vp
3.0
=Vp= 7= 0.75V
Now, for the available diode, we have

0.1 mA = [¢07/0025 0
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5V +10%

Figure 4.8.1
Thus, the required current / can be found from
[ = 13e075/0025 2)
Dividing Eq. (2) by Eq. (1) yields
[=0.1x &%95/0025 — 074 mA

The required value of R can now be found from

5—V,
I= 0
R
0.74=g
R
= R=2.7kQ

At a current /p = 0.74mA, each diode has a
small-signal resistance of

Vi 25mvV
}"d —

= = =338Q
Ip  0.74mA

and the string of four diodes has an incremental
(small-signal) resistance of

r=4r;=4x33.8=135Q

With the supply voltage changing by £10%—that
is, by £0.5V—we can use the voltage divider
comprised of the diode string (with a total resis-
tance » = 135 Q) and the resistance R to determine
the corresponding change in V as

0.135
0.135+2.7
=323.8mV

AVo==0.5x

or £0.8%.

This implies a change of :I:zzt—‘8 ~ +6 mV
across each diode, which is small enough for the
small-signal model to be applicable.

If a load resistance Ry = 15 kQ is connected
to Vo, we can determine the approximate change
AV in Vo as follows. First, assume that V' does
not change, then the current drawn by R; can be
found as

Vo 3
—0_2 _0g2mA

I =
L=R, T 15

This current will be subtracted from that supplied
through R, thus the current in the diode string is
reduced by 0.2 mA. Using the small signal model
for the diodes, each diode voltage will decrease
by 0.2 mA x ry = 0.2 x 33.8 = 6.76 mV, which is
still small enough for the small signal model to be
applicable. Thus, the change in V' will be

AVo=—-4x676=—-27TmV

or = 0.9%.
Since the change in V is small, our original
assumption used to find the current /; is justified.

4.9

Vs

Figure 4.9.1
Vzk = Vz0
where
Vzo+rdz="Vz
Thus,

Vao=Vz—riz
=6.8—0.020x5
=6.7V

For no load, the lowest value of Vg to maintain
breakdown operation is equal to the knee voltage,
that is,

Vemin = 6.7V
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For Vg =9V, the maximum load current /7 ,,x for
which breakdown operation is maintained is found

from

Vs =Vz0+ (Urmax +1zK)R

where we have assumed the zener voltage to be at
its knee value (Vzx >~ Vzg) and the zener current

at Izx = 0.2 mA. Thus

9=6.7+ (Izmax +0.2) x 0.2
= Iimax = 11.3mA

For I7 = 0.5 I7max = 5.65 mA, the lowest value of

Vg to maintain breakdown operation is found from

Vsmin = Vzo + (0.5 I max +1zK)R

=6.7+(0.5x11.340.2) x0.2

=79V

20

Li lati z

ine regulation= —— = ————
& ©=+ R 20+200

Load regulation = —(r;||R) = —(20(200)

=—18.2mV/mA

4.10 Refer to Figures 4.10.1 and 4.10.2 below.

~91 mV/V

The circuit in Fig. 4.10.1 is a full-wave rectifier
with a center-tapped secondary winding. The cir-
cuit can be analyzed by looking at vg and v,
separately. The circuits for doing so are shown in
Fig. 4.10.2. Their analysis, of course, is identical.
For each supply,

Vo=10V
V, =08V
Thus,
v0=10£04V

It follows that the peak value of vg must be 10.4 +
0.7 =11.1V and the total rms voltage across the
secondary will be

2x1L1_ oy ms)
V2
Thus,
Transformer turns ratio = 115—7 =7.64:1

To deliver a 50-mA dc current to each load,

10
R=—-=200Q
0.05

O U
+
120 V (rms)
60 Hz
0 v,y
Figure 4.10.1
D, D,
: w [ %
+ +
Vg R T Cc Vg R T C
: + : <
Ug - Ug -
D3 D2
Figure 4.10.2
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Now, the value of C can be found from

V=07
"7 2fCR
11.1-0.7
08— —— —
2 x 60 x Cx200
= C=>541.7 uF

To specify the diodes, we determine ip,, and

IDmax»

iao =11 [1+7,/0, 0727,
=50[1+7r\/m]

=450.5mA

iDmax =11 [1 +2m \/m]
=50[1+27/(ILT=0.7)/16]

=85ImA

To determine the required PIV rating of each
diode, we determine the maximum reverse voltage
that appears across one of the diodes, say Dj. This
occurs when ug is at its maximum negative value
—V)p. Since the cathode of Dy will be at +10.4V,
the maximum reverse voltage across Dy will be
10.4 4+ 11.1 = 21.5 V. Using a factor of safety of
1.5, then each of the four diodes must have

PIV=15x215=323V
4.11

Yo

R,=10kQ

Figure 4.11.1

When vy is positive, vy goes positive, turning on
the diode and closing the negative feedback loop
around the op amp. The result is that v— = v,
vop=2v—=2v,v4=vp+0.7,and ip = Z—(O)—f—lf—g
=0.15 vp, mA. Thus,

(@ Foryy=+01V:v_=40.1V,v99=402V,
v4=0.9V,ip=0.03mA =30 pA.

®) Foryy=4+1V:iv_ =41V, yg =42V,
vy =42.7V,ip=0.15x2=03mA.

When v goes negative, vy follows, the diode
turns off, and the feedback loop is opened. The
op amp saturates with vy = -5V, v— =0V, and
vp =0 V. Thus,

(¢) For yy=—-01V:v_=0V, vy =-5V,
vp=0V,andip =0.

(d) For vy ==1V:v_ =0V, yy = =5V,
vp=0V,and ip =0.

Finally, if v; is a symmetrical square wave of 2-V
amplitude and zero average, the output will be
zero during the negative half-cycles of the input
and will equal twice the input (i.e., 4 V) during the
positive half-cycles. See Fig. 4.11.2.

U, Vg

V) é{vo
4 hennnnne pennde aaaas

-2

Figure 4.11.2

Thus, vg is a square wave with 0-V and 4-V lev-
els (i.e., 2-V average) and, of course, the same
frequency (1 kHz) as the input.

4.12

Figure 4.12.1
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u (V) (a) For light load (R very large), the out-
|=<— T —= put is a square wave of period 7 going from
+100 f===="" +0.5V to +0.5 — (100 — 10) = —89.5 V. See
Figure 4.12.2(b).
(b) If R is reduced so that RC = 27, the out-
put waveform will take the shape shown in
Fig. 4.12.2(c). Consider first the negative portion
of the waveform. As before, the largest negative
+10 p==-— value is —89.5 V. At this time, the diode is cut
0 P off and the capacitor discharges through the now
smaller resistance R. Thus, v rises exponentially,
heading towards 0V, but of course is interrupted
@ (T/2) second later, thus
vo (V) o (f) = 0 — 89.5¢~1/CR
T
B _— (1) -sse- 7
0 t 2
For CR =2T,
T
u0 (5) =-895xe /4 =_69.7V
-89.5
Thus, at the end of the discharge interval, vp =
(®) —69.7 V. At that time, the input rises by 90 V and
the output attempts to follow. However, the diode
v (V) clamps vp to about 0.7V or so and it conducts

heavily to recharge the capacitor. The diode volt-
age then drops, reaching about 0.5V at the end

....... 05V
0.7V N— I\— of the half-cycle. As the input falls by 90V, the
! output follows, reaching —89.5V, and the cycle
repeats.
------- -69.7V

-89.5V

(©
Figure 4.12.2
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